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CHEMICAL :ULOOD STUDIES . III. 

I.- GENERAL INTRODUCTION. 

The present article is the third of the above series (Graf 1933) and deals 
exclusively with chemical research work in connection with Heartwater and 
Bluetongue. It has for a long t ime been felt that the absence of biochemical 
data, particularly in respect of the blood constituents in diseases of domestic 
animab, has been a great drawback from the veterinarians and veterinary 
pathologists points of view. A clear conception of the pathology is not possible 
without a knowledge of the chemical processes involved. It is towards t his 
aspect that these researches are ultimately directed. In order to avoid needless 
repetition, the objects, technique and the methods employed have been fully 
detailed in the first article (Graf 1933), page 26\l, in this Journal. 

11.- A. HEARTWATER IN SHEEP. 

It is beyond the scope of this paper to discuss in detail the distribution, 
symptomatology, pathology, etc., of thi~ disease, but for those to whom this 
condition is u nknown, a short note may be of interest. For a comprehensive 
review of our present state of knowledge in heartwater in all its aspects, I would 
refer to the most recent publications on t his disease, vi:<~. : by Alexander (193] ), 
in which is included a full bibliography, and that by Jackson and Neit:<~ (1932). 

Heartwater may be defined as " a febrile septic2,emic infectious disease 
of sheep, goat~ and cattle, caused b.v Rickettsia 1·uminanlium, ::ond transmitted 
by ticks of the genus Ambl,ijo1mna, chiefly A. hebraeum." The clisea.se receives 
its name from the common pathological lesion in sheep and goats, namely, a 
well marked hydropericardium, tho ugh this is not a con~tant nor the most 
pronounced finding in cattle. Animals which recover do not harbour the virus 
in t he blood, which is infective during and for a short t ime after the reaction. 
Recovery from a reaction results in a solid, but not absolute immunity." 
(cit . Alexander.) 

The disease can be readily produced in susceptible animals by t he injection 
of 5-10 c.c. blood taken from a reactor during the actual time of reaction and 
for a short while thereafter. The incubation period is from 5- 35 days, generally 
7- 14 clays. 

The symptoms of the disease cannot he regarded as pathognomonic. There 
is usually a sudden rise in temperature, which may go up to 108°, followed by 
gradual Joss of appetite and cessation of rumination. Associated with the 
hyperthermia t here is usually dyspnoea, rapid pulse, becoming weaker with 
the progress of the disease, cyanosis of the mucous membranes and nervous 
symptoms gradually supervene, the latter being present in the majority of 
cases. The nervous symptoms usually show in the form of unsteadiness of 
gait, unnatural position when standing or lying, when down galloping move
ments of legs, champing of the jaws "-ith resultant frothing. The agonal 
period may extend up to 24 hours. The mortality varies considerably, being 
for Merino sheep about 60 per cent., in the present experiment 75 per cent. 

At post-mortem few really characteristic lesions are found, but there is 
commonly cyanosis of the mucous membranes, hydroperitoneum, hydroperi
cardium, subendocardial haemorrhages, cloudy swelling and fatty degeneration 
of the myocardium and oedema of the lungs, swelling, hyperaemia, fatty 
degeneration and bile stasis of t he liver, hyperaemia and degeneration of the 
kidneys. 
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H. GRAF. 

The histo-pathology of the disease has been studied by Steck (1928), who 
summarises his findings as follows : " Besides the presence of Rickettsia 
1·uminantium (Cowdry) the characteristic changes in heartwater are leucostasis 
and perivascular cellulation. The former occurrs in all organs and the macro
phage is the prominent cell, but lymphocytes and neutrophiles are also 
numerous. The latter is pronounced in the liver and kidneys and sometimes 
in the adrenal glands. 

All the cells of the mesenchyma may take part in this reaction, but mainly 
those of the lymphocytic series, viz. : lymphocytes and plasma cells. It seems 
most likely that these alterations are due to a noxe which is spread diffusely 
by the blood stream. It must remain for further investigation to determine 
the nature of this noxe." 

(a) SELECTION AND TREATMENT OF THE ExPERIMENTAL SHEEP. 

In these researches sheep (Merinos) were specially selected from among a 
large herd purchased in heartwater-free areas of South Africa to ensure their 
being susceptible. Clinical examinations were made to ensure getting normal 
healthy sheep in good condition. Faecal examinations to determine the degree 
of helminthic infestation were also undertaken (through the courtesy of Dr. 
Monnig). Only sheep with very light infections were utilised after being dosed 
with Wireworm Remedy, which dosing was furthermore carried out monthly. 

The success of these precautions was amply demonstrated at the post
mortem examinations where, with the exception of a few oesophagostome 
nodules, no adult worms could be found in any of the cases. Fourie (1931) 
reports on the morphological changes associated with haemonchosis, changes 
which probably also affect the chemical composition, and it was primarily to 
reduce or virtually eliminate such complications that the reduction of the 
degree of verminosis was undertaken. The sheep in all cases were placed on 
temperature for varying lengths of time before injection with heartwater virus, 
several different strains of it, including natural or veld strains being used. To 
the virulency of the strains employed, the short duration of the disease in 
most cases and the heavy mortality, 75 per cent., bear testimony. Only three 
of the twelve cases recovered. 

(b) CHEMICAL METHODS AND TECHNIQUE. 

For these see Chemical Blood Studies I (Graf 1933) (this Journal). 

(c) ExPERIME"TAL DATA. 

In the preparation of this paper some difficulty was experienced as to 
what would be the most convenient method of presenting the large mass of 
data collected so as to bring out those features differing from the normal. 
The system finally decided upon was to briefly draw attention to the salient 
features in each case of heartwater emerging from the analytical data, treating 
each constituent separately and thereafter summarising the findings in such 
a way as to focus attention on the deviations from normal more or less common 
for all the cases studied. 

As it is essential to know first the normal range of variation for each con
stituent before it can be known what is abnormal or pathological, the analytical 
figures obtained before t he injection of virus have been collected and summarised. 
The numbers presented here are relatively few, but when discussing bluetongue, 
further normal data will be presented. During the last year detailed investi
gations on similar lines on normal healthy sheep have been carried out by 
Hamersma (1933) of this Division, and these will be published in the next 
number of this Journal (vide Chemieal Blood Studies VI) . 
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CHEMICAL JJLOOD STUDIES . III. 

(1) Normal Range of Constituents of B lood Filt1·ateo. 

Sugar.- This was found to vary from 32 · 90 to 73 mgm. per cent. in the 
case of " laked " filtrate, the figures falling in the majority of cases between 
45- 55 mgm. per cent. In t he " unlaked" filtrates the variations ranged from 
26·20- 68·50 mgm. per cent. with the majority of figures lying between 31-42 
mgm. per cent. The amount of sugar determined was in all cases lower in the 
" unlaked " than in the " laked " to the extent of 15-40 per cent., with an 
average of approximately 25 per cent. In one case the difference was as little 
as 2 per cent. , in another as much as 60 per cent. 

Total Nitrogen.- The variations found ranged from 2 · 2- 2 · 9 gm. per cent., 
both these figures being, however, only once determined, by far the greatest 
number falling within the 2 · 3-2 · 6 gm. per cent. range-a remarkably constant 
and relatively narrow range. This is even more striking when the considerable 
variation in the haemoglobin content of the blood is considered, not only of 
the same animal at different bleedings, but also in the different animals when 
compared with each other. 

Urea Nit1·ogen.- When summarising the" Urea N" content of the " laked" 
filtrates before injection of virus, figures varying from 3 · 42 mgm. N per cent. 
to 20·45 mgm. N per cent. (7·14--42· 84 mgm. urea) are encountered. The 
following tables illustrate the distribution more clearly by showing the number 
of analyses falling into each particular group. Owing to the slight difference 
existing between the concentration of urea in the corpuscles and the plasma 
the " laked " a nd " unlaked " figures have been grouped together :-

From 3- 4 mgm. N % 4 From 12- 13 mgm. N % 0 
4-5 7 13- 14 2 
5-6 5 14-15 2 
6- 7 4 15- ]6 0 
7- 8 3 16- 17 0 
8-9 1 17- 18 3 
9- 10 1 18-19 3 

10- 11 2 19- 20 0 
11- 12 0 20- 21 2 

From the above table it is evident t hat t he majority of figures from " urea 
N" lie below 10 mgm. N per cent., viz. , 25 out of 39, i.e., 64 per cent. It is 
noticeable that the first bloods done are mostly fa irly high and, in my opinion, 
cannot be regarded as absolutely normal. Hamersma, in t he work referred 
to earlier , dealing with hundreds of analyses, has found extraordinarily low 
values, less than 1 ·5 mgm. N per cent. The normal range lies from 2- 10 mgm. 
N per cent. , with the average at 4- 7 mgm. N per cent. I would here also refer 
to the " normals" given in connexion with bluetongue (vide page 316), where 
the above findings are further substantiated. 

Since the " urea N" in case of " laked " and " unlaked " filtrates is much 
t he same, the same averages as given above apply . The " unlaked" filtrate, 
as a general rule, contains slightly less" urea N," the difference being, however, 
small- mostly less than 0 · 3 mgm. N per cent. The position with sheep is, 
as regards distribution of urea between plasma and cellular elements, thus 
similar to that recorded by Folin in human blood. 

" Total C1·eatinine" Nitrogen.- This fraction represents the creatine N 
and the creatinine N, the creatine having been converted first into creatinine 
and the latter plus the preformed creatinine determined . 
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The variations in " laked" filtrates range from 2·08- 2·66 mgm. N per 
cent. (5·6-7·2 mgm. creatinine) and in one case only exceeds the maximum 
given here, viz., 3 ·42 mgm. N per cent. Approximately half the cases lie 
between 2 ·08- 2·15 mgm. N per cent. Although the variation is somewhat 
large in different sheep, figures for eaeh individual are fairly constant, e.g., 
S. 32297 (Table 6), the amounts are 2·23, 2·61, 2·23, 2·42 mgm. N per cent. 
respectively, and in S. 29661 (Table 9) 2 ·13, 2 ·13 and 2 · 31 mgm. N per cent. 
respectively. 

For " unlaked " filtrates the corresponding figures range from 1· 4-2 ·15 
mgm. N per cent. (4 ·0-5·8 mgm. creatinine) being only exceeded in two cases 
with 2·23 and 2·35 mgm. N per cent. The variation is, therefore, greater than 
is encountered with in " laked " bloods, although the amount of " total, 
creatinine" N is lower. 

Amino-Acid Nitrogen.~ This varies in the case of "laked" bloorl filtrate 
from 5 · 09-8 · 00 mgm. N per cent. (exceeded once only with 9 · 72) in the majority 
of cases falling into the 5 · 30- 6 · 80 mgm. N per cent. group. For " unlaked " 
filtrates the range lies from 3·60-5·96 mgm. N per cent., with 4·67-5·64 mgm. 
N per cent. being the largest group. 

Uric Acid Nitrogen.~In the "laked" filtrate the normal variation is from 
0·18- 0·28 mgm. N per cent. (0 ·54- 0·84 mgm. uric acid) with a narrower 
range of 0· 18- 0·23 mgm. N per cent. (0·54- 0·69 mgm. uric acid). In the 
case of unlaked filtrates, determinations were always made, but the colour 
obtained was rather faint for accurate colorimetric readings when the dilutions 
were made up to 25 c.c. Subsequently a modification was introduced by 
diluting only to 15 c.c. when readings could be more accurately taken~a 
procedure that was followed in all later studies. The " normals " for uric 
acid will, therefore, be discussed under "Bluetongue" (vide page 316). 

Non-Protein Nitrogen.~Great variations were noted here, the data ranging 
from 13·76-30·28 mgm. N per cent. for "laked" and 10·66- 27·70 mgm. 
N per cent. for " unlaked " filtrates. The following two tables more clearly 
indicate this ilistribution and the groups in which most of the " normals" are 
concentrated. 

(a) Table for "lalced" 
filtrates. 

From 13- 14 mgm. N % 1 
14- 15 1 
15- 16 0 
16- 17 2 
17- 18 0 
18- 19 4 
19- 20 1 
20- 21 1 
21- 22 3 
22- 23 1 
23- 27 0 
27- 28 1 
28- 29 " 1 
29- 30 1 
30-31 2 

289 

(b) Table for "unlalced" 
filtrates. 

From 10-11 mgm. N % 1 
11- 12 " 1 
12- 13 2 
13-14 3 
14- 15 3 
15- 16 3 
16- 17 1 
17- 18 0 
18- 19 1 
19- 20 1 
20-23 0 
23-24 1 
24- 25 " 1 
25-26 0 
26- 27 1 
27- 28 1 



CHBMICAL BLOOD STUDIES. III. 

The largest number of analytical figures lie from 10- 17 mgm. N per cent. 
The higher N.P.N. figures I am inclined to hold to be really outside the true 
normal range, but no reason can at the moment be offered in explanation. 
The sheep appeared clinically healthy. A larger mass of data is required 
before valid " normals" can be laid · down. These, for South African con
ditions, will soon be published by Hamersma and in connexion with the 
researches into bluetongue, further figures are supplied. 

Heartwater Data. 

Temperatut·e Chat·ts.- In order to indicate the type of temperature reaction, 
and more particularly to demonstrate at what periods of the reaction blood 
examinations have been made, charts have been incorporated. The periods 
at which blood has been drawn has been indicated on the curves by small 
circles. Temperatures were taken twice daily (once daily on Sundays) at 
6.30 a.m. and 3.30- 4 p.m., respectively. Only the actual reactions are recorded, 
the normal temperature records being omitted for the sake of economy of 
space, no useful purpose being servei by the incorporation of several weeks 
of such normal records. 

Tables of Data.- These are mostly self-explanatory, all constitutents being 
expressed in " mgm. per 100 c.c. of blood," except haemoglobin and total 
nitrogen, both of which are expressed as" grams per 100 c.c." The" coaguable 
nitrogen" has been obtained by calculation (Total N--N.P.N.). The " Rest 
nitrogen" represents the nitrogen fraction unaccounted for in any specific 
form after the " urea N" " Total creatinine N," " uric acid N" and "Amino 
acid N" ha:l been subtracted from the " Non-protein N" figure. The urea 
( 46 · 66 per cent. N), total creatinine (37 per cent. N) and uric acid (33 · 33 per 
cent. N) have for the sake of convenience been expressed both as such and as 
" Nitrogen." In the column " plasma" the symbols " n.u." (nothing unusual) 
refer to the physical appearance of the plasma, more particularly to its colour. 
In anaplasmosis, redwater and horsesickness, icteric plasmas were quite 
frequently encountered. The " plasma" column has been omittecl in the 
case of heartwater, since the plasma at no time showed any haemolytic or 
icteric discoloration. 

In the column "Temperature Reaction" the following symbols have 
been a:lopted :-

N (Normal)- meaning that no abnormal temperature reaction 1s 
going on at the time of bleeding. 

P.I.N. (Post infectionem, normal)- indicating that the animal has 
been injected with virus, but that as yet no temperature reaction 
has set in. 

R (Reaction)-indicating that blood was withdrawn during the course 
of a reaction. 

" Time of bleeding "-where no symbol is given it means that the 
blood was drawn between 8.30 a .m. and 9.30 a.m. In other 
ca.ses the time of bleeding is inserted. 

The above system has been applied throughout these publications. 
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HJ<~ARTWATER (R-ickettsia 1·uminctnt1:um infection). 

CASE I. 

S. 27088 : Killed in ext1'emis, 23/9/01. 
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1931 Se ptcn1ber 

History.- Sheep 27088, hamel, six-tooth, carrying l} ins. wool, in good 
con1ition, weighing 109 lti. on 15/9/31. Passed t-hrough bluetongue in July, 
1931. Was placed on temperature 2/9/31 , and was injected int rajugularly on 
3/9/31 with 10 c.c. mixed blood from heartwater sheep S. 32189 and S 31874. 
There was a temperature reaction from 4th to 8th day p.i. but there was no 
reflection of this slight reaction in the composition of the blood as examined 
on 8/9/31. The heartwater reaction began on 13th day p.i. , the temperature 
rising within 36 hours to 107°, remaining at this level for four days and then 
dropping by crisis to 103 · 2°, the animal being killed i n ext1·emis on 20th 
day p.i. At the height of the reaction blood was injected into S. 31045 and 
S. 31761 (vide). 

At the post-mortem examination (P.M. No. 10586, 23/9/31) the following 
pathological changes were found : slight hydrothorax and hydropericard, 
subendocardial haemorrhages, oedema of the lungs, tumor splenis, slight 
catarrhal enteritis, Preisz-nocard abscess in lung, fat necrosis, few oesophago
stome no:lules in cauclal part of small intestines. 
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TABLE I. 

I 
' 

I 
s. 27088. 

Date ............. 31/S/31. 3/9/31. 8/9/31. 15/9/31. 17/9/31. 22/9/31. 
Time ..... .... ... . - - - - - -

Temp. R ..... . ... N N P .I.N. R R R 

Hb. gm. %··· .... 13·79 13·12 I 13·31 12·13 11·78 11·67 

Sugar mgm.% L 56·80 39 ·53 
I 

51·00 77·70 93·10 50·00 
u 46·30 34·01 I - 60·70 40? 28 ·6 

T.N.gm. %······ · 2·940 2·774 2·674 2·506 2·294 I 2· 611 

N.P.N. mgm. % L 16·08 14·60 14·75 15·15 18·07 I 26·55 
u 12·62 11·75 - 11·70 12·50 20·54 

Goag. N. L 2·924 

I 
2·759 2·659 2·491 2·276 2·584 

gm.N% u 2·927 2·761 - 2·494 2·282 2·590 

Urea mgm. %·· .L 4·20 4·23 ;)·13 - - -
8·82 8·82 10·71 - - -

u 3·80 4·18 - - - -

7·98 8·82 - - - -

Total creatinine L - - - 2·66 2·23 

I 
1·90 

mgm. N% - - - 7·20 6·00 5·12 
u - - - 1·78 2·23 2·08 

4·80 6·00 
I 

5·60 - - -

Uric Acid L 0·19 0·23 0·23 0·21 0·21 0 ·17 
mgm. % 0·57 0 ·70 0·68 

I 

0·62 0·62 0·51 
u TL TL TL TL TL TL 

TL TL TL TL TL TL 

Amino-acid L 
1- 8 

I 
6 ·28 

I 
5·13 

I 
5·76 

I 
6· 19 5·56 

mgm.% u 4·68 4·88 - 4·38 4·38 4·81 

R.N. mgm. N% L I 4·68* 
I 

3·86* I 5·26* I 7·52t 
I 

10·34t 19·92t 
u 3·14t 2·69t I - 6· 54§ 6 · 89§ 14·65§ 

-
*Includes "Total creatinine N." 
t "Urea N." 
t "Total creatinine and uric acid N." 
§ "Urea N" and "Uric acid N." 

Salient Feattt1·es Emerging j1-om Analytical Data. 

Hb.-A definite and stea:ly drop from 13 · 79 gm. per cent. to 11· 67 gm. per cent. 

Sugar.-" Laked" filtrate shows a marked rise (51- 93 mgm. N per cent.) 
corresponding to set in of the temperature reaction, followed by a 
drop to initial level on day prece:ling death. In the " unlaked " 
the 1·everse occurs. 

T.N.- Shows a decrease succeeded by a rise towards eml. 
N.P.N.- Both " laked " and " unlaked " filtrates show a steady rise 

from 15 ·15-26 ·55 mgm. N per cent. and 11· 70- 20 ·54 mgm. N per 
cent. respectively. 

T .C.N.-Data incomplete, but in the case of " laked " filtrate there is a 
definite decrease (2· 66- l· 90 mgm. N per cent.). In the " unlaked " 
filtrate an initial rise is succeeded by a decrease on the day prior to 
death. The variations are within the normal range and may be of 
no special significance. 
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U.A.N.- The variations are small and within the experimental error and 
normal variation, but there seems a tendency t owards a decrease as 
the disease progresses. 

A .A.N.-The variations are within t he normal range and no clear increase 
or decrease can be detected . 

CASE II. 

S. 26689 : Died 24/10/31. 
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History.-Sheep 26689, hamel, full mouth, carrying 1 ~ inc. wool, good 
condit ion , weighing 84 to. on 15/9/31 and 87 to. on 6/10/31. Passed t hrough 
bluetongue in J uly, 1931. Was place:l in hear twater experiment on 2/9/31 
and injected on 3/9/31 intraj ugularly with 10 c. c. blood from S. 32179 and 
S. 31874. After 17 days p .i. there was a slight temperature reaction, t he 
maximum of 104 · 4 ° being reached on the 22ncl day p .i. , dropping to below 
103° 48 hours later. This could not be regarded as a typical temperature 
reaction for heartwater in sheep or at the most as only a very mild reaction. 
I t i ·, however, of interest to note that a bloo:l examination undertaken on 
23/9/31 just prior to the rise in temperature shows a marked rise in t he "Urea 
N" content, viz.: 20 ·60 mgm. per cent. and l 9·40 mgm. per cent. respectively 
for laked and unlaked filt rates. If this is compared with subsequent analyses 
taken during a later reaction, the suggestion is permissive, that the reaction 
is possibly a mild heartwater reaction. On t he other hand, it should be noted 
t hat, if this reaction was due to heartwater, it conferred no immunity since 
exactly one month later (23/ 10/31) this animal succumbei to heartwater. 

On 12/10/31 this sheep was again injected intraj ugularly with 10 c. c. blood 
from S. 3ll 09 (vide) . On the 6th day p.i. the temperatm e reaction set in, 
the peak of 107 · 6° being reached four days later, the temperature falling during 
t he next 48 hours by crisis to 104°, the animal dying on the 12th day p.i. 

On post-mortem examination (P.N.i. No. 1054.8 of 25/10/31) there was 
found to be present marked hydrothorax, severe hydropericard, cyanosis of 
mucous membranes, oedema and hyperaemia of the lungs, subepicardial and 
subendocardial haemorrhages and slig ht catarrhal gastro-enteritis. The 
post-mortem findings, therefore, suppor ted the cliagnosis of heartwater. 
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H. GRAF . 

8alient Features EmeTging from Analytical Data. 

Hb.--Nothing unusual. 

8ugaT.- During the initial slight reaction (nature uncertain) the level is 
very, low gradually rising thereafter in both " laked " and " unlaked " 
filtrates, reaching a level of 79 and 65 mgm. respectively on day 
before death. 

T .N.- A tendency towards an increase exists, but the level remains within 
the normal limits. The increase is too small to permit of attaching 
any particular significance to it. 

N.P.N.- Both filtrates show an increased nitrogen content during both 
the initial mild hyperthermic reaction and the second severe reaction 
(heartwater), with a return to normal in the interval between t he 
two reactions. 

U.N.- Similar to the N.P .N. curve, but much more marked, e.g. , a rise 
from ± 4 mgm. N per cent. to 21· 60 mgm. N per cent., with a drop 
to the initial level and a further marked increase during the second 
reaction. 

T .C.N.- No very definite changes, but with a tendency towards an increase 
with the rise in temperat ure. 

U.A.N.- Nothing definite, although a high U.A.N. content was encountered 
three days before death. 

A.A.N.- Nothing usual. 

CASE III. 

S. 31045 : Recovered. 

HistoTy.- Sheep 31045, two-tooth hamel, carrying 2! ins. wool, fair 
condition, weighing 77 tO. on 15/9/31 and 80 tO. on 6/10/31. Passed through 
bluetongue in May, 1931. It was placed on temperature on 2/9/31 and was 
injected with 10 c.c. blood from S. 27088 (vide) on 19/10/31. The temperature 
reaction set in on the lOth oay, reaching 106 · 8° on the ll th day, decreasing 
by lysis during the next twelve days to normal, i.e., the 22nd day p.i. The 
temperature remained normal, and on l /12/31 an immunity test was performed, 
no reaction resulting. 
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H. GRAF. 

Snlient Fentures Emerging from Analyticnl Dnta. 

Hb.- -Shows tendency towards a drop in the Hb level during the hyperrhexic 
state. 

Sugar.-Rather variable, the highest content being encounterec1 during 
the hyperrhexias with 73 ·56 and 60 mgm. per cent. respectively, 
following by a decrease beyond the average level. 

T .N.- Shows a gradual decrease, the lowest points being reachetl after 
the reaction has already returned to normal. 

N. P.N.- A definite increase coinciding with the two temperature 
reactions. 

U.N.- Both filtrates show a definite increase coinciding with the increase 
in body temperature from a.n initial level of ± 7 mgm. N per cent. to 
18 mgm. N per cent. 

T.C.N.-Variations cannot be definitely associated with the progress of 
the condition. With the second more severe hyperrhexia there is 
diminut ion of the " creatinine N " content, followed by a rise, but 
the differences encountered do not fall beyond the ~ormal limits 
and may be coincidental. 

U.A.N.--With the second reaction is associated a definite drop from 
0· 25 mgm. N per cent. to 0· 15 mgm. N per cent. This decline is 
not directly dependent on body temperature, as it proceeds after the 
temperature has returned to normal. 

A .A.N.- A decrease coinciding with the temperature reaction. 

CASE IV. 
S. 31028 : Dierl 10/10/31. 

lOS 

107 ~ 

101> v i\ I\ ~\ 
105 J v T T 

I \ '!' 
104 

10.~ j ~~ ... I ...J 

} 'J I ~ ) " 1111 v ' "' ~ - -:f ~ 
p v ~ "' 1111 

100 
:;: 
u 
.:; 

'19 .:: 
')!I 

16 17 18 I? 20 21 22 23 2 4 25 26 27 28 29 30 I 1 3 4 5 (, 7 s ? 10 II 

l\13 1 Septemb" r October 

Histm·y.- Sbeep 31028, four-tooth hamel, canymg It ins. wool 14/9/31, 
in fair condition, weighing 66 tO. on 15/9/31 and 67 l:ti. on 5/10/31. It passed 
t hrough hluetongue reaction in April, 1931, and was placed in a bloedpens 
experiment during May, 1931, being drafted into the heartwater experiment 
on 2/9/31. It was injected with 10 c.c. blood mixture from S. 29651 and 
S. 28462 during the height of a heartwater reaction in these animals on 
24/9/31. A severe heartwater reaction set in on the 9th day p.i., the 
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H. GHAF. 

temperature maximum being 107 · 6° dropping by cns1s on 15th day p.i ., 
when the animal died. The post-mortem findings (P.M. No. 10624 of 11/10/31) 
supported the diagnosis of heartwater, the chief pathological findings being 
cyanosis of the mucous membranes, slight hydrothorax, hydropericard, hydro
peritoneum, subendocardial and subepicardial haemorrhages and oedema of 
the lungs, fatty degeneration of the liver, catarrhal haemorrhagic gastritis, few 
oesophagostome nodules in the latter portion of the small intestines. 

Salient Features emerging from Analytical Data. 

Hb.-A drop in this is noted, but this would not appear to be associatccl 
with the pathological ·condition since the decrease had already set; 
in before even the virus was injected. On the contrary, there arc 
indications of a slight increase during the hyperrhexic state. 

Sugar.-Shows an increase level during reaction succeeded by a fall shortly 
before death. 

1'.N.- Slight decrease, possibly related to Hb. content. 

N .P.N.-Show a definite and marked rise in both filtrates, the N.P.~. 
and up to 63 · 84 mgm. N per cent. and 53 · 58 mgm. N per cent. rc
U.N. spectively; the U. . from about 7 mgm. N per cent. to 32 mgm. 

N per cent. 

1'.C.N.- This animal shows initially a high level for T.C.N. , but during 
t he reaction there is a distinct if slight drop, with again a higher 
T.C.N. shortly before death. This applies to both filtrates. 

R .N.- Although the U.A.N. is included there is a marked increase towards 
the end of reaction. 

CASE v. 

S. 31109 : Died 14/10/31. 
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CIIEMICAL lJLOOD STUDIES. III. 

History. - Sheep 31109, four tooth hamel, carrying 2 ins. wool, good 
condition, weighing 87 to. on 15/9/31 and 96 to. on 6/10/31. Passed through 
bluetongue in April, 1931, and placed in heartwater experiment on 2/9/31. 
Was injected on 3/10/31 with 5 c.c. blood intrajugularly from heartwater sheep 
S. 31761 (vide) and S. 31426. On the 6th day p.i. the temperature reaction 
set in, the temperature steadily rising over three days to 107°, dropping by 
crisis to 103° within 24 hours, the temperature rising by next morning again 
t o 106·8°, the animal dying shortly after on the 11th day p.i. At the height 
of the reaction blood was injected from this sheep into S. 26689 a.m1 S. 32113 
and S. 31871 (vide). 

At the post-mortem examination (P.M. No. 10630 of 15/10/31) the 
pathological changes consisted of hydropericard , hydropel'itoneum.. .. h_ydro
thorax, hyperaemia and oedema of the lungs, and slight tumor splenis. 

TABLE v. 

I 

s. 31109. I 

Date ..... . ... . ..... . ........ 24/9/31. 29/9/31. 1/10/31. 8/10/31. 13/10/31. 
Time . .. . ................... - - - - -

---- - ------------
Temp. React ........... . .... N N N .P .I.N. R 

----
Hb. gm. % ................. 12 ·01 12·42 11·80 14·95 9·73 

Sugar mgm. % .......... L 32·90 48·78 

I 
- 51·00 53·1\J 

u 26·30 31' 16 - 34·10 36·60 

T .N. gm. % .. . ...... .. ..... 2·680 2·710 2·521 2·934 2·388 

N .P.N. mgm. % ......... L 34 ·50 36·60 28·58 36·36 27·78 
u 31·60 34·60 22·00 29 ·00 25·27 

Coag . N gm. N %··· .... L - 2·673 2·492 2·898 2·359 
u 

I 

- 2 ·675 2·499 2·905 2·363 

Urea mgm. N % ......... L 20·45 18·46 - 20·86 17·34 
43·0.5 38·85 - 43·89 36·33 

u 20·02 18·60 - 20·86 17·06 
42·00 39·06 - 43 ·89 3!i·91 

:J'otal c,·eatinine L 2·10 2·13 - 2·31 2·06 
mgm. N% 5·68 5·76 - 6·26 5·54 

u 2·15 1·91 - 1·98 H1R 
5·80 5·14 - 5·32 5·32 

----· -· 

Uric Acid mgm. N % .... L 0·24 0·20 0·17 0· 21 0·30 
0·72 C'·ii9 0·50 0·63 0·89 

u TL TL TL TL TL 
TL TL TL TL TL 

- ------------- ---~---
Amino Acid mgm. N % . . L 7·00 7·33 5·88 7·07 6· 97 

u 5·58 4·62 4·7ii I 4·9ri 
- ----·-· I ----------
R .N. mgm. N % ......... L 4·71 8·4R - 5·91 

I 
2·11 

u 4·29* 0·47* - l·4R* l · 28* 
I 

*Includes " Uric acid N." 
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Salient Features Emerging ]1'om Analytical Data. 

Hb.- Very irregular, lowest content on day prior to death. 

Sugar. - A tendency towards an increase. 

N.P.N.- It will be noted that both these N fractions of the blood remained 
and consistently high over the entire period over which this animal 

U.N. was examined. No explanation can at present be offered since 
neither a clinical examination nor the port-mortem findings 
suggest any specific cause. 

CASE VI. 

S. 32297 : Died 15/10/31. 

Temperature Chart VI. 

1/ 
II II 1\ 1/ If' 

lJ JI U IJ IJV Ii 1/ r\ !I 
v 1/M II ~ 

2 J 4 5 h 7 loi 'I 1011 ll!J\4 1511, 17181'11021212.l2415lf>27282930 I 2 3 4 56 7 .S 910 II 12131413 

October 

History.- Sheep 32297, two-tooth hamel, carrying 1 in. wool, condition 
fair , weighing 55 l:ti. 15/9/31 and 70 l:ti. 6/10/31. Suffering from ophthalmia 
of right eye on 14/9/31. Passed through bluetongue in May, 1931. Placed 
into heartwater experiment on 2/9/31 and injected with 5 c.c. blood intra
jugularly from heartwater sheep 31761 (vide) and S. 31426 on 3/10/31. From 
the 8th day p.i. the temperature began to rise till the 11th day, reaching 
107 · 2°, dropping during the next day to 106°, the animal dying in the late 
afternoon, i.e., on the 12th day p.i. 

On post-mortem examination (P.M. No. 10632 of 16/10/31) there was 
found to be present hydropericardium, slight oedema and hyperaemia of the 
lungs. slight tumor splenis and impaction of the oesophagus. No worms were 
found in the stomach and intestines. The condition of the carcass was good. 
The post-mortem findings, therefore, support the diagnosis of heartwater. 
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CHEMI CAL J3LOOD STUDIES. III. 

TABLE VI. 

s. 32297. 

Date ....... .. ... . . 17/9/31. 23/9/31. 29/9/31. 1/10/31. 9/10/31. 13/10/31. 
~flirrw .... .. .. . . . .. 

I 
- - - - - -

'l'emp. R ..... . .. . ]~ R I{ N P.I.N. R 

Jlb. gm . %- ...... 11 · 59 10·56 ll. 59 11· 59 11·96 8 · 12 

Sugwr n1gm. o/0 L +1·66 :l9·30 38 ·46 - 57·14 96· 16 
u 31·00 34·40 33 · 78 - 42·01 44·44 

1' . ~' . gm. %- . ... . . 2· 57£) 2·571 2 ·613 2·fJ59 2·500 2·112 

N.P.~7 • mgm.% L 21 ·43 28 ·57 23·44 21·90 25·00 22·64 
u 19·60 26 · 10 - 13· 67 22·31 :20·98 

I 

Coag. N . L 2· ii54 2 ·542 2 · ii90 2·ii37 2·475 2·099 
gm . N% u 2· fJ55 2 · 54-5 - 2·545 2·478 2·101 

Ur·ea. mgm. N % L 10 ·94 ] 7 · 35 8 ·09 6·30 14·51 12·50 
22·89 36·54 17 ·01 13·23 30·4:3 26·25 

u 10·69 17 ·02 9·71 4·40 14·21 12·94 
22·47 35 ·70 20·37 9·24 

I 
29·82 27·09 

'l'ota.l Cnatinine L 2·23 2·61 2·23 2·42 2 ·04 2 · 23 
mgrn. No.% 6 ·00 7 ·06 6 ·00 6·54 5·ii0 6·00 

u 1· 98 2·35 2·06 1. 7fi 2·01 ] ·84 
5·32 

I 
6 ·36 5·54 1·70 5·40 4·96 

Ur·ic Acid L 

I 
0·27 0·23 0·21 0·18 0·18 0·21 

mgm, N% 0· 80 0·68 0·62 0·.53 0·53 0·64 
u TL TL TL I TL TL TL 

TL TL TL TL TL TL 

Arnino Acid L 5·64 5· 09 6·31 5·09 6·01 5·15 
mgm. N% u 4·97 4 ·67 4·49 3·60 4·93 4·20 

R.N. mgm. N% L 2·35 3 · 29 6·60 8·81 2·26 

I 

2·55 
u 1·96* 2 ·06* - 0·88* 1·16* 2 ·00* 

*Includes "Uric acid N." 

Salient Fectttt1·es of Analytical Data. 

H b.- A distinct drop just prior to Jeath. 

Su_ga1·. - Shows a marked rise to 96 ·16 mgm. per cent. and 44 · 44 mgm. 
per cent. in " laked " and " unlaked " filtrates respectively. In the 
" laked " the relative rise is more evident, and it is of interest to note 
t hat the increase in the case of the " unlaked " is not parallel to the 
former, the blood sugar being less in the latter by over a 100 per cent. 
This aspect will be discussed later under " General Discussion. " 

T .N.-A decrease is noted towards exitus lethalis. 

N.P.N.--N o definite variations, the level throughout being on the high 
side. For this condition a temperature rea.ction of unknown etiology 
during September is apparently responsible, it being reflected by 
the slight ly increased N.P .N. during this period. 
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IL GRAF. 

U.N .- The initial high U.N. is associated with the reaction re~er.red to 
above, the normal level being again reached prior to the mJec~wn 
with virus, succeeded by a slight rise during the heartwater reactwn. 

U.A.N .- During the first temperature reacti.on. t~is. fraction is just aboYe 
the upper limit of normal, gradually d1m1mshmg. 

CASE VII. 

S. 31871 : Died 24/10/31. 

Temperat ure Chart VII. 
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193 1 Octo b et· 

Histo1·y.- Sheep 31871, hamel, four-tooth, carrying 1 in. wool on 14/9/31 , 
fair condition, weighing 54 to. on 15/9/31 and 59· 5 to. on 6/10/31. Passed 
through bluetongue -reaction in April, 1931. Was placed into the heartwater 
experiment on 2/9/31 and injected intrajugularly on 12/10/31 with lO c.c. 
blood from heartwater sheep 31109 (vide) . On the 9th day p.i. the temperature 
reaction set in, rising ·within 24 hours to 106 · 8° and dropping during the next 
48 hours to 103 · 2°, the animal dyi~1g on the 13th day p.i. On the day prior 
to death 10 c.c. blood was injected intrajugularly into sheep 29661 and sheep 
31011 (vide). On post-mortem exalnination (P.M. No. 10649 of 26/10/31) 
the following pathological changes were noted : hydropericard, hydrothorax, 
cyanosis of mucous membranes, degeneration of myocard, subendocardial and 
subepicardial haemorrhages, slight tumor splenis and a slight oedema of the 
lungs. The carcass was in fair condition. The post-mortem findings, therefore, 
support the diagnosis of heartwater. 
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CHEMICAL BLOOD STUDIES. III. 

TABLE VII. 

' 

I 
s. 31871. 

Date ............ . ........... 
T' 

18/9/31. 28/9/31. 1/10/31. I 21/10/31. 23/10/31. 
tme . .......... . ... . ....... - - - - -

:J'emp. R .. . ........... . .... I N N N R R 

Hb. gm. % ................. 

I 
9·52 8·49 9·52 9·32 9·40 

Sugar mgm. % .......... L 73·00 52·63 50·00 60 ·00 68·50 
u 68·50 45·45 30·00 48·00 70·43 

T.N. gm. % .......... . ..... 2·362 2·180 2·340 2·213 2·024 

N.P.N. mgm. % ......... L 19·67 30·90 16·82 22·23 40·54 
u 14·51 27·70 13·49 21·63 35·30 

Ooag. N gm. N % ....... L ~- 2·342 2·149 2·323 2·191 1·983 
u 2·347 2·152 2·327 2·191 1·991 

Thea mgm. N %-······ .. L- j - 18·19 4·29 12·20 24·25 
- 38·22 9·03 25·41 51·03 

u - 17·84 4·47 11·40 23·92 
- 37·38 9·45 23 · 94 50·19 

Total Creatinine mgm. N% L 2·15 2·66 2·31 2·23 2·23 
5·80 7·20 3·26 6·00 6·00 

u 1·67 2·10 1· 32 1·98 1·98 
4·50 5·68 4·90 5·32 5 ·32 

Uric Acid mgm. N % .... L 0· 22 0·22 0·22 0·37 0·23 
0·66 0·66 0·66 1·12 0·69 

u TL TL TL 0·21 0·15 
TL TL TL 0·64 0·45 

------
Amino acid mgm. N %- .. L 6·03 7·00 6·28 6·83 5·18 

u 4·47 4·95 4·97 5·96 4·67 

R .N. mgm. N % ......... L - 3·05 

I 
3·72 0·59 7·50 

u -
I 

1·81* 2·23* 2·08 4·73 

*Includes "Uric Acid N." 

Salient Features of Analytical Data. 

Sugar.- Shows an increase with rise in temperature. 

T.N.- On the 28th September a drop occurs, associated with a low 
N.P.N. Hb content and a relatively increased N.P.N. and U.N. not 

and associated with any hyperthermia. During the heartwater 
U.N; reaction the T.N. and N.P.N. again diminishes, in this case 

unassociated with a decline in the Hb. level. 

U.A.N.-With the onset of the reaction this is increased but rapidly 
drops to the normal level. 

R.N.- This fraction is relatively high shortly before death. 
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II. GRAF. 

CASE VIII. 
S. 32113 : Recovereu. 

Temperature Chart VIII. 
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H isto1·y.- Sheep 32113, four-tooth hamel, carrying l in. wool on 14/9/31, 
in good condition, weighing 77 fti. on 14/9/31 and 80 fti . on 6/10/31. Passed 
through bluetongue in .June, ] 931. This animal was placed on temperature 
on 2/9/31. It was injected on 12/10/31 with 10 c.c. blood from S. 31109, which 
was suffering from heartwater. Six days later the temperature rose, reaching 
106° on the 8th day, dropping to 103° on the lOth clay, rising again on the 9th 
day to 107°, remaining at between 107° and 108° for six clays and then decreasing 
by lysis to reach 103° in twelve clays (27th clay p.i.). On 1/12/31 it was again 
injected with 5 c.c. virulent heartwater blood, but no reaction occurred. 

Salient Featu1·es of Ana.lytical DeLta. 
Temperature Reaction.-The hyperthermia encountered here is atypical for 

heartwater, although no doubt as to its origin exists. It is a severe long drawn 
out reaction followed by a milder, though distinct hyperthermia, during which 
the blood changes are similar to those encountered during the main reaction 
only to a somewhat lesser degree. It ended in ultimate recovery, but from a 
clinical point of view the issue was doubtful for several clays, the animal being 
clown for 72 hours. In my opinion the long drawn out temperature reaction 
is an expression of the strong resistance put up against the infection. This 
case, therefore, represents a more complete and accurate picture as to the 
changes involved in the composition of the blood during heartwater than is 
t he case of a reaction ending abruptly in death. 

Hb.- A well-marked decrease in the Hb. content (from 9 ·12- 7 · 68 gm. 
per cent.) is noted, coinciding with the main reaction. 

S·ugm·.- Shows an increase during the main reaction, preceded by a 
decrease at its onset. 

T.N.- Runs parallel with the Hb. content, the decrease in T.N. coinciding 
with the drop in haemoglobin values. 

N .P.N .--Both these fractions show a marked rise during the hyperthermic 
and reactions. The N.P.N. rises from about 19 mgm. N per cent. to 

U.N. 51· 72 mgm. N per cent. in the "laked" filtrate, returning to 
normal and increasing again to 25·54 mgm. N per cent. during 
the lesser reaction. In the " unlaked " filtrate the same 
phenomenon is observed, only on the lower level characteristic 
for this type of filtrate. The U.N. content runs parallel to thf' 
N.P.N., rising from 6 · 5 mgm. N per cent. to 37 ·10 mgm. N per 
cent (" unlakecl " slightly lower), then returning to normal, 
followed by a slight increase to a little over the maximum rang<:' 
of the normal variation. 
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H. GRAF. 

T.O.N.- In both filtrates there is a decrease, coinciding with the hypre
themia associated. with the main heartwater reaction. Thereafter 
there is an increase reaching 3 · 60 mgm. N per cent. during the 
secondary reaction. 

U.A.N.-Shows a tendency towards a rise during main reaction. 

A.A.N.-Nothing unusual. 

R.N.- During the initial reaction this [fraction increased in amount to 
approximately 8 mgm. N per cent. and 4 mgm. N per cent. in " laked" 
and " unlaked " filtrates respectively. 

CASE IX. 

S. 29661 : Died 6/11/31. 

Temperature Chart IX. 

108 

107 
,- 0, 

106 

,..., 
r\ 

105 II 1\ 
104 J If \p+ 
103 A ~ 1 ~ 

" v 102 

101 ., 
"' f----lillL: ~ 

99 g 

98 

24 25 26 27 28 29 3o 31 I 2 3 4 5 6 

1931 .October November 

Hist01·y.--Sheep 29661, six-tooth hamel, carrying 3! ins. wool 14/9/31, in 
good condition, weighing 77 lls. on 15/9/31 and 80 lls. on 6/10/31. Passed 
through bluetongue in July, 1931. Was placed on temperature 2/9/31 and 
was injected on 24/10/31 with 10 c.c. blood from sheep 31871 (vide) which was 
suffering from heartwater. The temperature reaction set in on the 7th day, 
the temperature steadily rising to reach 108° on the 4th day after the onset, 
remained at 108° for two days and then fell by crisis within 24 hours to 104°, 
the sheep dying on the 13th day p.i. 

On post-mortem examination there was found to be a general cyanosis, 
slight hydrothorax and hydropericard, oedema of the lungs, fatty changes in 
the liver and the kidneys, tumor splenis, subendocardial and subepicardial 
haemorrhages, findings which support the diagnosis of heartwater. 
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TABLE IX. 

s. 29661. I 
Date .... . .. . ...... 18/9/31. 30/9/31. 14/10/31. 27/10/31. 4/11/31. 6/11/31. 
Time ............. - - - - - -

Temp. React . ..... I N N 
I 

N P.I.N. l'l, ]{, 

lib. gm. % -·· · · . . . 10·97 11 ·18 10·97 11·67 10·14 12·42 

Suga1· mgm. % .. L 62 · 11 45·54 50·00 53·96 .55·87 156·24 
u 50·60 42·54 34 ·40 45·15 45·66 151· 50 

'l'.N.gm.%······· 2·370 2·480 2·465 2·458 2· 262 2·532 

N.P.N. mgm. % L 22·22 30·28 18·79 20 ·00 40·54 31·74 
u 18·52 24·00 14·77 16·27 36·48 25·00 

Goag. N. L 2·348 2·450 2·446 2·438 2·221 2·500 
gm.N % u 2·351 2·456 2·456 2·442 2·226 2·505 

Urea mgm. N % L - 14·40 5·89 6·87 29·06 22·00 
- 30·24 12 ·30 14·49 61·11 46·20 

u - 14·04 5·76 7·50 29·77 20·05 
- 29·40 12·18 15·75 62·68 42·21 

Total Creatinine L 2· 13 2·31 2·31 2·02 2·17 1·91 
mgm.N % 5·76 6·26 6·26 5·42 5·86 5·14 

u 1·67 1· 49 1·49 1·54 1·75 1·37 
4·50 4 ·00 4·00 4·16 4·70 3·48 

U1·ic Acid L 0·25 0·22 0 · 24 

I 
0·21 0·26 0·25 

mgm.N% u 0·76 0·67 O· 7l 0 · 62 0·77 0·76 
- - - - - 0 ·18 
- - - - - 0·53 

Amino acid L 6·73 9·72? 7·53 7· 73 5·18 4·67 
mgm.N% u 5·96 4·56 5·64 5·38 4·12 3·1 8 

-
R.N. mgm. N% L 14·11 * 4·63 

I 
2·39 3·17 3·87 2·91 

u 12·16t 3·91t 1·88t 1·85t 0·84t 1·78 

*Includes "Urea Nitrogen. 
t " Uric acid N" and "Urea N." 
t " Uric acid N." 

Salient Featu1·es of Anctlytical Data. 

SttgaT.- This shows a gradual increase up to 56 mgm. per cent. with a very 
high level (156 mgm. per cent.) a few hours before death on 6/11/31. 

N .P.N.--Both evince the usual feature of an increase to 41 and 37 mgm. 
and N per cent. respectively for N.P.N. in both filtrates succeeded 

U.N. by a decline on day of death. The U.N. curve is similar, being 
29 mgm. N per cent. (61 mgm. urea). 

T.C.N.- Here a decline from 2· 31 mgm. N per cent . to 1· 91 mgm. N per 
cent. is noted. 

A.A.N.-Shows a relatively low level a few hours before death. 
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CASES X, XI, AND XII. 

S. 31051 : Recovered. 

Temperature Chart X . 

108 

107 ~ 
IOo 'J ' 105 ~ 71\. k. 
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History.-Sheep 31051, four-tooth hamel, carrying 3 ins. wool, goorl 
condition, weighing 75 to. on 15/9/31 and 74 to. on 6/10/31. Passed through 
bluetongue in May, 1931. The animal was placed on temperature on 14/9/31 
and injected on the same clay with 20 c.c. of blood from a calf which had died 
of heartwater (natural infection). On t he 13th clay t he temperature rose, 
reaching 107 · 6° on the 15th clay, gradually subsiding to normal by the 24th 
day p.i. 
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Temperature Charts XI and XII. Sheep 31873 and 31144. 
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History.-Sheep 31873 and 31144. ~rhesc sheep were inj ected with 
10 c.c. blood each intrajugularly from S. 29661 (vide) on 4/11/31. Both 
temperature reactions set in on the 7th clay, reaching 107·4° on the lOth 
clay p.i., S. 31873 dying on the 11th clay p.i. and S. 31144 on the 13th clay 
at the height of the temperature reaction. Both were in good condition. 

S. 31873 at the post-mortem examination (P.M. No. 10677 of 15/ll /31) 
showed slight hydrothorax and hyclropericarcl, subendocardial haemorrhages, 
hyperaemia and oedema of the lungs, ulcerative abomasitis and acute enteritis. 

S. 31144 (P.M. No. 10678 of 16/11/31) showed anaemia, oedema of the 
lungs, hydrothorax, ascitis, subepicardial and subendocardial haemorrhages , 
nodular enteritis, tumor splenis and fatty changes in the liver and kidneys. 
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T ABLE X. 

s. 31051. 
I 

Date ................................. 3/fl/31. 28/9/31. 30/fl/31. 
11i1r/.,e ... ........ .. ............ ... . ... - - -

Temperatun Reaction . .......... . . . .... I N R R 

Haemoglobin gm. % -··· · · ··· · ·· · · ··· · I 
9·12 8·90 9· 13 

Sugm mgm. %-·· ·· ······· · · · ··· L - 60·00 46· 51 
u - 37·00 40·00 

'Total N ·itmgen gm. N % ......... L 2-350 2·300 2·297 

Non-Protein N itmgen mgm. %-··· L 18·70 24·50 27·03 
u 

I 
13·00 22 ·30 20·98 

Ooaguable Nitrogen gm. N %-··· · L 2·3:!1 2·275 2·270 
u 2·338 2·278 2·276 

Urea mgm. N % ................ L - 13 · 37 12·77 
- 28·14 26·88 

u - 13·04 12·99 
- 27·30 27 · 30 

Total Creatinine mgm. N % ...... L - 2·23 1· 91 
I - 6·00 5·14 

u I 1·75 1·78 I -

I 
- 4·70 4·80 

Uric Acid mgm. N % . .. ..... . .. L 0·21 TL TL 
; 0·63 TL TL 

u I TL TL TL 

I TL TL TL 

Amino Acid mgm. N % ......... L I 5·74 
I 

5·49 5· 11 
u 

1-

4·67 5·11 3· 99 
I 

Rest Nitrogen mgm. N % .. ...... L -

I 
3·41* 7·24* 

u 
I 

- 2·40* 2·22* 

*Includes "Uric Acid N." 
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T ABLE XI. TABLE XII. 

s. 31873. s. 31144. 

Date .. . . . . . . . ......... ....... . 10/11/31. 12/11/31. 10/11/31. 12/11/31. 
'l'ime . . .. . . . . ... ... .. .. · · · · · · · ·- - - -
T emperature Reactions . ... . . . ... R R R R 

Haemoglobin gm. % .... . . . .... 13·41 - 12·98 10·14 

Sugar mgm. % . . ..... . .. L 42·37 46·95 39·37 51·02 
u 33·56 38 ·46 38·46 42·37 

T .N . gm. N %· · .. .... . .. . . . . 2·710 2·570 2·696 2·528 

N .P .N. mgm. % ... .. . . . . L 19· 08 30·00 16·94 23·06 
u 14·63 25·64 12·25 18·04 

Ooag. N. gm. N %· ... . .. L 2·691 2·540 2·679 2·505 
u 2· 695 2·546 2·684 2·510 

Urea mgm. N % . . . ..... . L 7· 00 17 · 00 4·28 9·10 
14·70 35 ·70 9·03 19·11 

u 6·02 15·00 4· 25 9·02 
12·60 31·50 9·03 18·90 

Total Creatinine mgm. N % L - 2·66 - 2· 73 
- 7·20 - 7·58 

u - 2·54 - 2·48 
- 6· 86 - 6·70 

Uric Acid mgm. N % .... L 0·22 0 ·30 0·22 0·27 
0·66 0·91 0·66 0 · 86 

u TL TL TL TL 
TL TL TL TL 

Amino acid mgm. N %· . . L 6·36 6·93 6·51 7·57 
u 5·49 4·91 4·67 5·22 

R.N. mgm. N %··· · ·· · .. L 5·48* 3·11 5·93* 3·39 
u 3·12t 3·19:j: 3·33t 2· 32:j: 

I 

*Includes " Total Creatinine N." 
t "Total Creatinine N" and "Uric Acid N." 
:j: "Uric Acid N." 

Sctlient Feattt1·es oj Analytical Data. 

These three cases are grouped together owing to the small number of 
analyses available for each. 

Hb.- I n case of XII a decrease from 12·98 gm. per cent. to 10·42 gm. 
per cent. occurs. 

N .P.N.- All show slight increases, the relatively low levels when compared 
and with other cases being probably due to the acute nature of 

U.N . the reactions. 

T.C.N.-In Case X a decrease is noted; in the other cases no comparative 
figures are available. 
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GENERAL SuMMARY AND DrscussroN. 

Haemoglobin (Hb.).-The haemoglobin content during any particular 
period normally shows variations not only in the same animal from practically 
day to day, but also in different animals of the same species. Factors such 
as age, sex, condition, time of watering in relation to the period at which the 
blood is examined, all contribute towards a variable Hb. content. It follows, 
therefore, that a "mean" Hb. curve can only be arrived at if a number of 
successive determinations are undertaken. In such a case, although there 
may be variations, the " mean" level can readily be noted . In the present 
series of investigations care was taken to obviate the introduction of an anaemia 
due to too frequent bleedings of one and the same animal. 

Under pathological conditions various circumstances may produce a 
change in Hb. content, generally in the direction of oligo-chromaemia, hyper
chromaemia being less frequently encountered. 

With regard to heartwater no very striking changes in the Hb. content 
as a sequel to infection emerge. An analysis of the cases presented show that 
(a) a tendency towards oligo-chromaemia is present in over 50 per cent. of 
cases (Cases I, III, IV, V, VI, VIII and XII). In some cases the decrease is 
direct, e.g. in Case I from 13 · 79 gm. per cent. to 11· 67 gm. per cent. ; in Case 
VIII from 9 · 13 gm. per cent. to 7 · 68 gm. per cent. ; in others an initial drop 
is succeeded by an increase usually towards the termination of the temperature 
reaction or shortly before death. This decrease is not associated with a 
destruction of erythrocytes by the virus or its metabolic products, such as 
is encountered in redwater (piroplasmosis) or anaplasmosis. In my opinion 
physical factors play the important role in producing these alterations. The 
increased water intake associated with hyperrhexia, tending to increased water 
ingestion, would tend towards the creation of hydraemia or dilution of the 
blood, leading to a decreased Hb. content per unit of blood, although the total 
Hb. would remain the same. On the other hand, the transudation of plasma 
into the peritoneal, pleural and pericardia! cavities and the interstitial tissues 
of t he lungs, especially if occurring rapidly at any particular stage of the 
disease, would tend towards a condition of a concentration of the blood. This 
transudation is probably a fairly rapid process ; sheep killed in the earlier stages 
of the disease rarely show well-marked accumulations of transudate. Further
more, t he course of the disease is frequently so rapid that animals often survive 
only a short t ime after the onset of the temperature reaction. Where they 
survive one would expect an equally rapid return to the "mean" Hb. level 
by the absorption of the transudate, or of water into the blood, the osmotic 
forces tending to establish the status quo. 

(b) In some cases there is no definite change in the Hb. in either direction 
(Cases II and VII). If the above conception is correct one could assume in 
explanation that either the analyses were not performed at the psychological 
moment as far as the onset of the transudation is concerned, or that the 
absorption of water into the blood occurred as rapidly as the loss of plasma 
through transudation. 

(c) In Cases V and IX no distinct variations occurred beyond a rise in 
Hb. shortly before death. 

Sugar (S).- The sugar content of the blood in heartwater shows a distinct 
increase in all cases studied, e.g., Case I, from 61- 93 mgm. per cent, Case IX 
56- 156 mgm. per cent. In the majority of cases there is a decrease towards 
the end of the temperature reaction or just shortly before death in fatal cases. 
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This applies in both " laked " amd " unlaked " filt rates. Case VI provides 
an interesting exception-in the " laked " the increase is from ± 40 mgm. to 
96 mgm. per cent., but in the " unlaked" only from ± 33- 44 mgm. per cent., 
so that the "laked " contained over twice as much blood sugar at the peak 
point .than the "unlaked." The decrease in several cases (III and VIII) 
continues to below the initial " mean " level. The increase is not in all cases 
absolute, i.e., does not necessarily proceed beyond the high side of normal, 
but the increase is evidenced by the gradual and definite rise from a lower level 
to a higher one. As previously stated the normal range lies between 45-55 
mgm. per cent. although figures lower and above these limits are encountered, 
though relatively rarely. These figures agree closely with those of Volker 
(1929). In a case in which the " mean " lies at± 35 mgm. per cent. an 
increase to 55 mgm. per cent. should in my opinion be looked upon as abnormal, 
provided of course that the 35 mgm. per cent. reflects the true " mean " for 
that animal under its present environment and on the given ration. 

Total Nitrogen (T.N.). - The T.N. in about half the cases (I, III, IV, V, 
VI, VII, VIII) shows a decrease ; in the remaining cases there are minor 
variations but not in any specific direction. A partial decrease in the T.N. 
is a priori to be expected owing to the transudation of plasma into the body 
cavities and lungs. This drain of nitrogenous material is, however, rapidly 
replaced, as can be noted in cases ending in recovery, where shortly after the 
return of temperature to normal the T.N. has reached its previous level. In 
Case I there is a decrease from 2·774 to 2·294 gm. N per cent., which is followed 
by a rise to 2 · 611 gm. N on the day prior to death. 

Non-Protein Nitrogen (N.P.N.).- In the majority of cases an increase in 
the N.P.N. in both filtrates has been noted. The increases vary from about 
15- 36 mgm. N per cent. (Case II), 15-26 ·55 mgm. N per cent. (Case I), 20- 30 
mgm. N per cent. (Case III), 20- 64 mgm. N per cent. (Case IV), 16- 40 mgm. 
N per cent. (Case VII), 19-52 mgm. N per cent. (Case VIII) and 20- 40 mgm. 
N per cent. (Case IX). Cases V and VI are interesting in that the " normal" 
level before injection of virus was on the high side and no distinct increases 
are noted. This N.P.N. retention follows the temperature reaction, returning 
to normal practically with cessation of the hyperthermic state. This is 
particularly well illustrated in Case VIII, where a severe and long drawn out 
temperature reaction is followed by a brief return to normal, whereafter a 
second less severe reaction sets in. The N.P.N. increases during the first 
reaction from 19- 52 mgm. N per cent., drops to 20 mgm. N per cent. with 
drop of temperature to normal, and rises again to 25 ·50 mgm. N per cent. during 
the second reaction. 

The U.N. is primarily responsible for this increase, the other constituent 
N fractions either remaining normal (A.A.N.) or showing a tendency to decrease. 
The total content and variations of the U.A.N. are too small appreciably to 
influence the N.P.N. in either direction. That, however, the U.N. is not solely 
responsible become evident by the observation that usually during the period 
of highest N.P.N. concentration, the R.N. (i.e., rest-nitrogen or undetermined 
nitrogen) represents in a number of cases from 5-9 mgm. N per cent. instead 
of the normal 2-4 mgm. N per cent. for " laked " and less for " unlaked " 
filtrates. 

Urea Nitrogen (U.N.).- The U.N. has been found to be greatly increased 
in heartwater, e.g., Case II 4- 22 mgm. N per cent., Case IV 7-32 mgm. N per 
cent., Case VII 4-24 mgm. N per cent., Case VIII 6·5-37 mgm. N per cent., 
Case IX 6-29 mgm. N per cent., the increase and decrease (with recovery 
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cases) running parallel with the temperature reaction ; the " mean " level 
being rapidly attained at the end of the hyperthermia. A high U.N. figure 
is generally associated with renal impairment or dysfunction. In heartwater 
there is in most cases found a fatty degeneration of the renal cortex, but I 
am inclined to consider the cardiac disturbance, as evinced by the cyanosis 
of mucous membranes, as the chief factor in the severe U.N. retention. 
According to this conception the cardiac condition leading to circulatory 
disturbances and thereby to renal dysfunction is of more significance in U.A. 
retention than the degeneration of the kidney. In two out of the three cases 
of recovery the U.N. remained at below 18 and 13 mgm. N per cent. respectively, 
in the third case the U.N. reached the high figure of 37 mgm. N per cent., and, 
as already mentioned, the recovery here was a matter of doubt for several days. 
It could theoretically be advanced that the virus plays some role in the pro
duction of the urea by toxicogenic protein decomposition, but in view of the 
rapid excretion of urea via the kidneys, this would have to be extensive before 
an accumulation in the blood could be expected. In such a case one would 
expect a more marked reduction in the protein nitrogen than is actually the case. 

UTic Acid NitTogen (U.A.N.).-No common factor can be traced t hrough 
the data collected, there being a tendency towards an increase in some cases, 
the reverse in others, and in others again no change in either direction. 

" Total cteatinine" Nit1·ogen (T.C.N.).- The values found for T.C.N. are 
somewhat irregular and permit of no definite conclusions. On the whole there 
exists a tendency towards a decrease during heartwater, e.g., Case I 2·6- 1·91 
mgm. N per cent., Case IX 2·31- 1·91 mgm. N per cent., Case X 2·23- 1·19 
mgm. N per cent., in "laked" and corresponding decreases in " unlaked" 
filtrates. In most cases where no decrease during the temperature reaction 
has occurred there is a slight increase again shortly before death. For this 
latter observation a possible explanation lies in the contracted agonal period, 
where the animal when down performs galloping movements with the limbs 
and exhibits severe tetanic spasms of the musculature resembling somewhat 
the syndrome encountered in cases of strychnine poisoning. It is generally 
accepted that creatinine is formed in the musculature and that its excretion 
is in some measure an expression of muscular activity. Separate determina
tions for creatine and creatinine were not done, and it is, therefore, not possible 
to state whether the creatine or the creatinine fraction, or both, are responsible 
for the decreases and increases found. 

Amino-acid Nit1·ogen (A.A.N.) .-No distinctive variations noticeable ; lll 

two cases a slight decrease prior to death is noted (Cases III and IX). 

CONCLUSION. 

In heartwater increases in the concentrations of sugar, N.P.N. and U.N. 
in both filtrates are recorded. The T.C.N. shows a tendency towards decreasing, 
with a rise in some cases just before death. The Hb. content varies, but is 
generally in the direction of a decrease. 

B.- BLUETONGUE IN SHEEP (CATARRHAL FEVER). 

The condition referred to here is the catarrhal fever or " Bluetongue " 
found in South Africa. 

It has been defined as an inocuable disease of sheep principally affecting 
the mucous membranes of the mouth, nose, and intestines, very often accom
panied with inflammation of the laminae of the feet. It is caused by an 
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ultra-visible virus, probably transmitted from sheep t o sheep by some flying 
insect. Animals which have recovered are immune and no longer carry the 
virus in the blood. 

For more detailed information the articles listed in the bibliography at 
the end of this article may be consulted, the symptomatology being only very 
briefly described here. 

Clinically abortive, acute and Rubacute forms are distinguished. 
In the abo1·tive fonn no symptoms, beyond a temperature reaction, can 

be seen. 
A cute or subacute fonn.--With artificial infection the incubation period is 

generally 2- 4 clays, the hyperthermia lasting 5- 7 days. Other symptoms are 
usually observed 7- 10 days p .i.-generally salivation, swelling and catarrh of 
the buccal, mucous and nasal membranes and gums; occasionally also of the 
conjunctiva. Small sores may be noted on the lips. If more severe, an 
haemorrhagia inflammation may develop, the tongue becoming very swollen 
and brownish-red in colour, usually associated with a shiny greyish nasal 
discharge. In many cases a laminitis is observed. The animals lose in 
condition and may ,shed their wool (rare). The mortality varies--it is generally 
low but may be as high as 50 per cent. 

(a) SELECTIOX AXD TREATMEXT OF THE S H EEP. 

In the present researches nine sheep were utilised. All were artificially 
infected and all reacted. Blood was examined · before infection and thereafter , 
particularly during the temperature reaction. The sheep used were all 
bastard Merinos, purchased in bluetongue-free areas and kept stabled. The 
ration given was the same as for the heartwater sheep (vide). In order to 
reduce wireworm infection to a minimum, the sheep received regular anthel
minthic treatment with the Government Wireworm Remedy (monthly) . 

The strain of virus employed was a "field " strain, subinoculated into 
S. 34498 which succumbed to the infection, and although marked temperature 
reactions were obtained in the sheep, none died. Under the favourable experi
mental conditions, with its regular feeding, protection from the inclemencies 
of the weather, plentiful supply of water, etc., bluetongue is rarely fatal. 

(b) C HE)UCAL METHODS 0],' ANALYSES AXD TECHNI QUE. 

These are the same as those referred to under " Heartwater. " In the 
arrangement and discussion the same general plan as for the previous disease 
has been adhered to. 

(c) ExPERB<IENTAL DATA. 

(1) Nonnc£Z Range of Constituents. 

For the compilation of the following only data obtained from the sheep 
used for the bluetongue experiments prior to infection have been utilised. 
1'hese data are additional to those tabulated under "Heartwater" and, 
although they _ agree with them closely, they are in general on a somewhat 
lower level. The former data were gathered during September to November, 
1931, the latter during June to August, 1932, and the existing differences 
represent seasonal variations, there being a tendency for a progressive decrease 
in the concentrations of the various constituents during the winter. The present 
summary only represents twelve analyses of sheep blood of various ages, and 
for data comprising a much larger number of analyses of the normal blood of 
sheep under the same conditions I would refer to t he work done by Hamersma 
(1933). 

316 



Minimum- maximum variation : 
Average: 

Haemoglobin. 
9 ·1-16 · 5 gm. per cent. 

13·0 gm. Hb. per cent. 

Sugar. 
Minimum- maximum variation " laked " : 37 -·55· 5 mgm. per cent. 

Average " unlaked " : 4 7 · 36 mgm. per cent. 

H. GRAF. 

Minimum- maximum variations " unlaked " : 31 · 3- 50 · 5 mgm. per cent. 
Average " unlaked " : 39 ·1 mgm. per cent. 

Percentage differences between " laked " and " unlaked " 10 · 3- 27 · 6 per cent. 
Average percentage difference : 17 · 4 per cent. 

Total Nitrogen . 
Minimum-maximum variation : 2 · 4-3 · 3 gm. N per cent. 

Average: 2·8 gm. N per cent. 
Non-PTotein Nitrogen. 

Minimum- maximum variations " laked " : 13 · 6- 20 mgm. N per cent. 
Average "laked" : 16·5 mgm. N per cent. 

Minimum- maximum variations " unlaked " : 9 · 4- 15 · 3 mgm. N per cent. 
Average " unlaked " : 12 · 5 mgm. N per cent. 

Percentage differences between " laked " and " unlaked " 9 · 7- 33 · 2 per cent. 
Average percentage difference: 25 per cent. 

UTea Nitrogen. 
Minimum- maximum variation "laked" : 3·1-7 · 3 mgm. N per cent. 

Average " laked " : 4 · 9 mgm. N per cent. 
Minimum- maximum variation " unlaked " 3 · 0-7 · 3 mgm. N per cent. 

Average " unlaked " : 4 · 7 mgm. N per cent. 
Percentage difference between "laked" and "unlaked" average 4·1 per cent. 

Total 01·eatinine NitTogen. 
Minimum- maximum variations " laked " : 1· 67-2 · 35 mgm. N per cent. 

Average " laked " : 2 · 08 mgm. N per cent. 
Minimum- maximum variations " unlaked " : 1· 43- 2 · 00 mgm. N per cent. 

Average " unlaked " : 1· 72 mgm. N per cent. 
Percentage difference between " laked " and " unlaked " average 17 · 3 per cent. 

Uric Acid Nit·rogen. 
Minimum- maximum variations " laked " : 0 · 15-0 · 26 mgm. N per cent. 

Average " laked " : 0 · 22 mgm. N per cent. 
Minimum- maximum variations " unlaked" : 0·10- 0·22 mgm. N per cent. 

Average "unlaked" : 0·13 mgm. N per cent. 
Percentage difference between "laked " and "unlaked " average 41 per cent. 

Amino-acid Nitrogen. 
Minimum- maximum variations " laked" : 4·1-6 ·1 mgm. N per cent. 

Average " laked " : 5 · 30 mgm. N per cent. 
Minimum- maximum variations " unlaked " : 2 · 72--3 · 90 mgm. N per cent. 

Average " unlaked " : 3 · 20 mgm. N per cent. 
Percentage difference between " laked " and " unlaked " average 40 per cent. 

Rest Nitrogen. 
Minimum--maximum variations " laked " : 2 · 65-6 · 73 mgm. N per cent. 

Average " laked " : 4 · 13 mgm. N per cent. 
Minimum-maximum variations " unlaked " : 1· 54- 3 ·58 mgm. N per cent. 

Average " unlaked " : 2 · 33 mgm. N per cent. 
Percentage difference between" laked" and " unlakecl" average 43· 6 per cent. 
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(2) BLUETONGUE DATA. 

CA. E I. 

Sheep 25142. 

Temperature Chart I. 

108 

107 

106 

105 A 
104 I ~.J \} ~ 
103 J ' v \..I ll " l.. 1- _j J 
102 tf" !--'" v P" ....... !J y ~ ' ll v 1'-l/ 
101 

"t 

100 ~ 
u 
.!!, 

99 = 

98 

7 8 'i 10 II 12 13 14 15 16 17 18 19. 20 2 1 22 23 24 25 26 27 28 29 30 I 2 3 4' 

1932 . June July 

History.- A six-tooth ewe, carrying about 2 ins. wool, in good condition. 
Placed on temperature 17/5/32, and injected subcutaneously with 2 c.c. blood 
on 8/6/32. The reaction was severe but not in as much as the hyperthermia 
was concerned but rather in its effect on the animal, which showed cyanosis 
of the buccal and nasal mucous membranes and laminitis. Furthermore, as 
a result of this infection it shed its wool completely and lost condition. 
Discharged 27/8/32. 
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CHEMI CAL BLOOD ST U DIES . Ill. 

C ASE Il . 
Sheep 22204. 

Temperature Chart II. 
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Hist01·y.- A four-tooth ewe, carrying 2 ins. wool, in good condition. P laced 
on temperature 17/5/32 and injected ·ubcutaneously with 2 c.c. virulent blood 
on 8/6/32. After an incubation period of six days the temperature rose. 
Towards the end of t he reaction the animal appeared rather dull and listles;; 
and showed slight cyanosis of the buccal mucous membrane. It made an 
uneventful recovery. Discharged 15/7/32. 
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Temperature Chart III. 
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History.- A two tooth hamel, 3 ins. wool, in good condit ion. Placed on 
temperature 18/5/32 and injected subcutaneously with 2 c. c. blood on 8/7/32. 
Incubation period five days. The animal showed an inj ection of t he buccal 
mucous membranes and slight laminit is, but recovered very quickly from 
these symptoms. Discharged 27 /8/32. 
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H. GRAF. 

CASE IV. 

S. 34898. 

Temperature Chart IV. 

108 

107 

106 

105 • 1\ 
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1932 Ju ly 

History.- A four tooth hamel, 3! ins. wool, in good condition. :Placed 
on temperature 19/5/32 and injected subcutaneously with 2 c.c. blood on 
8/7/32. After an incubation period of seven days an irregular mihl fever 
reaction supervened. From the 23rd- 26th a slight laminitis was noterl. It 
made an uneventful recovery. Discharged 27/8/32. 

H!S 
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H lh 
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CASE V. 

S. 34885. 

Temperature Chart V. 

I\ 
I \ 

' r ~ 
I 

'P-o./ y 

v 

12 13 14 15 16 17 IS 19 20 

1'1.32 Ju ly 

I 

1 

21 22 

History.- A four-tooth hamel, 3! ins. wool, in good condition. Drafted 
into experiment 18/5/32 and injected subcutaneously with 2 c.c. blood on 
8/7/32. Incubation period five days, and beyond a hyperthermia no other 
symptoms were shown. Discharged on 27/8/32. 
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CHEMICAL TILOOD STUDIES. III. 

Date ... .... .. ... . 
T ime ..... . ...... . 

T emp. R ........ . 

Hh. gm. %·· ·· ... 

Sugar mgm. % L 
u 

'l'otal N. gm. % .. 

N .P .N. mgm. % T, 
u 

Coa.g. N . 
gm. N % 

L 
u 

u ,·ea mgm. N % L 
" U% 

mgm. N% U 
" U % 

r.l'.O. mgm. N% L 
, TC% 

mgm.N% U 
, TC% 

u,·ic acid 
mgm. N% L 

, UA% 
mgm. N % U 

., UA % 

A minn acid L 
mgm. N % U 

Rest N. L 
mgm. N % U 

Plctsma .. .. . ..... . 

'l'AELE 4. 

S. 34898. Bluetongue. 

6/7/32. 1 13/7/32. 1 18/7/32. 21/7/32. I 28/7/32. I 5/8/32. 

N P.J.N. R R N N 

12. 59 11 . 21 11· 67 12·28 11·14 11 · 14 

41 . 49 48. 08 58 . l4 48·31 42·92 47·85 
32·26 37·45 47 ·17 38·02 35·21 39 ·68 

2·598 2·430 2·332 2· 360 2· 444 2· 479 

17·65 15·79 16 ·30 13·63 13·65 19·23 
14·54 10·71 11·07 10·79 l(\·71 15·00 

2·580 
2·583 

2·414 
2·419 

2·316 1 2·346 
2·321 2·349 

2·430 
2·433 

2·460 
2· 464 

7·20 
15·12 
7·03 

14· 70 

1·98 
5·32 
1·67 
4·50 

0·25 
0· 76 
0·12 
0·36 

5 ·56 
3·77 

2· 65 
1·95 

n.u. 

4·10 
8·61 
3·94 
8·19 

2·01 
5 ·40 
1· 71 
4·60 

0·19 
0·.56 
0·08 
0·25 

5·60 
3·67 

:3· 89 
l· 31 

n.u. 

5·45 
11· 55 
5 ·45 

]1· 55 

1·49 
4·00 
1·82 
4·90 

0·21 
0·64 
0·12 
0·36 

4 · 00 
2· 52 

5·15 
1·18 

n.u. 

4·48 
9· 45 
4·56 
9·66 

2· 01 
5·40 
1·98 
4·32 

0·19 
0·57 
0·14 
0·41 

4·12 
2· 92 

2·83 
1·79 

r~-. I 

ll1ain F eatu,·es of Analytical Data. 

3·88 
8·19 
3·40 
7·14 

2· 50 
6·74 
2·35 
6·36 

0·13 
0·40 
0·08 
0· 24 

5 · 18 
3·72 

2·96 
1·16 

n.u. 

7·51 
15 · 75 
7· 33 

15· 33 

2·35 
6·36 
2·04 
5 ·50 

0· 20 
0·60 
0 · 11 
0·33 

5· 64 
3· 89 

3· 53 
1·63 

n.u. 

Except for a tendency towards a slight decrease in the A.A.N. level during the febrile 
reaction, no other blood changes occurred. 
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H. GRAF. 

TABLE 5. 

S. 34885. Bluetongue. 

I 
I 

I 
Date ........ . .... 

I 
6/7/32. 13/7/32. 15/7/32. 18/7/32. 21 /7/32. 28/7/32. 

Time ..... . ... .. . . - - - - - -

Temp. R .. ..... . .. 
I N I 

P.I.N. R R N N 

Jib. gm. % ···· ... 10· 35 

I 
9·81 9·94 11·14 8·88 9·40 

SugaT mgm. %. L 48·31 44· 84 62·50 60·24 51·28 52·63 
u 40·16 33·78 49·02 49·75 46·95 45·25 

Total N. gm. % .. 2·542 2·402 2·290 2·304 2·059 2·220 

N.P.N. mgm. % L 17·04 17·65 17 ·85 23·20 20·00 15·00 
u 12·94 13·57 13·04 16·76 16·48 ll·ll 

Coag. N . L 2·525 2· 384 2· 272 2·281 2·039 2·205 
gm. N% u 2·529 2·388 2·277 2·287 2·039 2·205 

Urea mgm. N% L 4·61 I 5·37 6·46 11·50 10 ·43 4·33 
, U% 9· 66 11·34 13·65 24·15 21·84 9·03 

mgm.N% U 4·26 

I 
5·06 6·69 11 ·43 10·03 4·19 

" U% 9·03 10·71 14·07 23·94 21·00 8·82 

Total Creatin. 
mgm.N % L 2·17 2·01 2·17 2·57 1· 91 2·50 

, TO% 5· 84 5·70 5·84 6·96 5·14 6·74 
mgm. N% U 1·91 1·78 ]· 91 1·82 1·86 2·10 

" TO% 5· 14 4·80 5·14 4·90 5·02 5·64 

Uric acicl 
mgm. N% L 0·26 0· 20 0·22 0·23 0·21 0·15 

, UA% 0· 70 0·60 0·65 0·69 0·64 0·46 
mgm. N% U 0·12 0·10 0·12 0·11 0·12 0·08 

, UA% 0·36 0·30 0·36 0·34 0·36 0·25 

Amino acid L 5·60 6·03 5·38 3·84 3·89 5·60 
mgm. N % u 4·11 3·91 3·59 2·32 2·69 3·65 

Rest N. L 4·40 4·04 3·62 5·06 3 ·56 2·42 
mgm. N % u 2·54 2·72 0·75 1·08 1·70 1·09 

Plasma ........... n.u. n.u. n.u. 
I 

n.u. n.u. n.u. 
I 

1l1ain Featu1·es of Analytical Data. 

Suga1-.-Shows a slight rise. 

N.P.N.-Shows a slight increase from approximately 17- 23 mgm. N % and 13-17 
mgm. N %· 

U.N .-An increase from 4·5-11 mgm. % is observed. 

A .A.N.-Siight decrease during the temperature reaction. 

Hb., T.C.N., U.A.N., R.N., T.N.-Nothing unusual. 
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CHEMICAL BLOOD S'l'UDmS. III. 

10!> 

107 

l llo 

105 Jr-.. 
104 I \ 
! O.l /\ lJ I\ I , 

" 102 

ltll 

r-..!.QQ.- a t)IJ 

r-+i r--- I 

'IS i .1 i 
17.!1x lJt) 20 2 1 .?.? B 

CASE VI. 
S. 34872. 

Temperature Chart VI. 

' 1 \ 
v ~ ~ I , 

i\ 

2-l 2 5 2(, 27 2H ]f) .~0 .~ I I 2 

M A v I~ 
~ ...... ~ 

~ ~ 5 (> 7 I> 

19.\2 .Ju ly Aug ust 

I 

v o-

<) 10 I I 

Histo?'y.- A two-tooth hamel, 3! ins. wool, in good condition. Injected 
subcutaneously 2 c.c. blood on 27/7/32, and after an incubation period of two 
days a severe and prolonged hyperthermia supervened. Towards the end 
of the reaction the animal became dull and went clown, but showed no other 
symptoms. Discharged 27/8/32. 

108 

107 

106 

105 

104 

103 / 
102 o-~ ./ h J J 
101 

"' 100 ~ 

" -~ 
9<) c: 

lJ1:o: 

1'1 20 1 1 1l 23 2-t 25 

J ul ) 

CASE VII. 
S. 34870. 

Temperature Chart VII. 

( \ 

\ A 
J ~ ~ l """" I~ '~ 

26 27 28 29 30 31 I 2 3 4 5 

I 
I 

! 

f\ ...... v 'V 

h 7 " .. !II 

Histo 1'y.- A two-tooth hamel, 3 ins. wool, good condition. Placed on 
emperatu re 18/5/32 and injected subcutaneously with 2 c. c. blood on 20/7/32. 
ncubation period four clays. Rxcept for a mild la.minitis and for a slight 
ecldening of the buccal mucous membrane, recovery was uneventful. 

326 



.....
 

.....
. 

r.
.:

~ 
t
~
 

-.
.{

 

D
at

e 
..

..
..

..
..

 ·
··

··
··

··
··

··
··

··
··

··
 

T
im

e 
..

..
..

..
.•

..
 ·
··

··
··

··
··

··
··

··
· 

Te
m

pe
ra

tu
re

 
R

ea
ct

io
n 

..
..

..
..

..
..

..
 . 

H
ae

m
og

lo
bi

n 
gm

. 
%

 ..
..

..
..

..
..

..
. .

 

Su
ga

r 
m

gm
. 

%
. .

 . 
. .

 . 
. .

 . 
. .

 . 
. .

 . 
L

 u 

8/
7/

32
. 

N
 

1
4

·0
8

 

T
A

B
L

E
 
6

.-
S

. 
34

87
2.

 
B

lu
et

on
gu

v .
 

18
/7

/3
2.

 
25

/7
/3

2.
 

27
/7

/3
2.

 

N
 

R
 

R
 

30
/7

/3
2.

 
3/

8/
32

. 

R
 

R
 

6/
8/

32
. 

7.
15

 a
.m

. 

N
 

1
3

·8
7

 
ll

·5
3

 
1

1
·9

2
 

1
1

·9
4

 
1

0
·2

7
 

I 
1

1
·5

3
 

II
· 

1
1

·9
4

 

4
1

·4
9

 
3

7
·0

4
 

4
9

·2
6

 
4

8
·3

1
 

7
5

·1
9

 
7

1
·4

3
 

4
6

·5
1

 
:1

3·
90

 
3

1
·2

5
 

4
4

·0
5

 
4

1
·1

5
 

5
9

·8
8

 
6

2
·1

1
 

4
H

1
6

 

10
/8

/3
2.

 

N
 

10
· 8

7 

4
7

·4
0

 

-
-
·
 

, _
_

_
 _ 

To
ta

l 
N

. 
gm

. 
%

·.
..

..
..

..
..

..
..

..
. 

2
·7

5
2

 
2

·7
8

0
 

2
·4

44
 

2
·4

7
2

 
2

·4
3

4
 

2
·3

1
8

 
2

·3
2

5
 

2
·4

0
0

 
I 

-
N

.P
.N

. 
m

gm
. 

%
 ..

..
..

..
..

..
..

 
L 

1
5

·0
0

 
1

5
·0

0
 

1
3

·0
4

 
1

5
·8

7
 

1
7

·9
7

 
2

0
·0

0
 

1
7

·6
5

 
u 

1
2

·0
0

 
1

0
·7

1
 

1
0

·0
0

 
1

2
·0

5
 

14
·9

1 
1.

5·
79

 
1

3
·0

4
 

1
5

·4
0

 

2
·7

3
7

 
2

·7
6

5
 

2
·4

3
1

 
2

·4
5

6
 

2
·4

1
6

 
2

·2
9

8
 

2
·3

0
7

 
2

·7
4

0
 

2
·7

6
9

 
2

·i
3

4
 

2
·4

6
0

 
2

·4
1

9
 

2
·3

0
2

 
2

·3
1

2
 

G
oa

g.
 

N
 

gm
. 

N
 
%

 ..
..

..
..

..
..

 
L 

2
·3

8
5

 

1~
 

1
-
-
-

U
re

a 
m

gm
. 

N
 
%

··
··

 
L 

" 
u 

%
 ..

..
 

m
gr

n.
 N

 
%

··
··

 
U

 
, 

u 
%

 ..
..

 

T
ot

al
 C

re
at

in
in

e 
m

gm
. 

N
 

%
. .

 . .
 

L 
, 

T
C

 %
··

· 
m

gm
. 

N
 

%
··

··
 

U
 

, 
T

C
 %

 ...
 

U
ri

c 
ac

id
 

m
gm

. 
N

 
%

··
··

 
L 

, 
U

A
 %

 ..
 

m
gm

. 
N

 
%

··
··

 
U

 
, 

U
A

 %
 ..

 

A
m

in
o 

ac
id

 m
gm

. 
N

 
%

. .
 . .

 . .
 . .

 
L u 

R
es

i 
N

. 
rn

gm
. 

N
 
%

..
 . .

. .
. .

. .
. 

L u 

P
la

sm
a 
..

..
..

..
..

..
..

..
..

..
..

..
..

. 
. 

5
·4

5
 

4
·1

9
 

3
·0

0
 

6
·4

0
 

9
·5

2 
ll

·5
5

 
8

·8
2

 
6

·3
0

 
1

3
·4

4
 

1
9

·9
5

 
5

·1
5

 
4

·1
3

 
3

·5
5

 
5

·9
7

 
9

·2
5

 
1

0
·9

2
 

8
·6

1
 

7
·5

6
 

1
2

·6
0

 
1

9
·5

3
 

1
·6

7
 

4
·5

0
 

1
·4

3
 

3
·8

6
 

0
·2

0 
0

·6
0 

0
·1

2
 

0
·3

6
 

4
·2

4
 

2
·9

2
 

3
·4

4
 

2
·3

8
 

n.
u.

 

1
·9

1
 

5
·1

4
 

1
·6

1
 

4
·3

2
 

0
·1

9
 

0
·5

6
 

O
·l

l 
0

·3
4

 

4
·9

7
 

2
·7

2
 

3
·7

4
 

2
·1

4 

n.
u.

 

2
·2

3
 

6
·0

0
 

1
·9

1
 

5
·1

4
 

0
·2

2
 

0
·6

7
 

0
·1

6
 

0
·4

7
 

4
·3

8
 

2
·9

8
 

2
·2

1
 

1
·4

0
 

n.
u.

 

2
·0

4
 

5
·5

0
 

1
·6

7
 

4
·5

0
 

0
·1

9
 

0
·5

7
 

0
·1

1
 

0
·3

3
 

3
·8

4
 

2
·6

4
 

2
·4

0
 

1
·6

6
 

n.
u.

 

.M
ai

n 
l'e

at
ur

es
 o

f 
A

na
ly

ti
ca

l 
D

at
a.

 

2
·1

0
 

5
·6

8
 

1
·7

8
 

4
·8

0
 

0
·1

5
 

0
·4

4
 

0
·1

0
 

0
·2

9
 

4
·5

2
 

2·
72

 

1
·6

8
 

1
·0

6
 

n.
u.

 

9
·0

0
 

1
8

·9
o

 
9

·0
0

 
1

8
·9

0
 

2
·2

7
 

6
·1

6
 

1
·9

8
 

5
·3

2
 

0
·2

3
 

0
·6

8
 

0
·1

5
 

0
·4

6
 

5
·0

0
 

3
·3

3
 

3
·5

0
 

1·
 7

3 

n.
u.

 

S
u

g
ar

.-
In

cr
ea

se
s 

to
 7

5 
m

gm
. 

%
 d

ur
in

g 
th

e 
la

tt
er

 p
ar

t 
of

 t
he

 f
eb

ri
le

 r
ea

ct
io

n.
 

N
.P

.N
.,

 
U

.N
.-

S
h

o
w

 r
el

at
iv

el
y 

sl
ig

ht
, 

b
u

t 
di

st
in

ct
, 

in
cr

ea
se

 d
ur

in
g 

re
ac

ti
on

. 
T

.G
.N

.,
 

U
.A

.N
.,

 
A

.A
.N

.,
 T

.N
.,

 R
.N

.-
N

o
th

in
g

 u
nu

su
al

. 

7
·0

0
 

1
4

·7
0

 
6

·8
4

 
1

4
·2

0
 

2
·0

1
 

5
·4

0
 

1
·6

1
 

4
·3

2
 

0
·2

0
 

0
·6

0
 

0
·1

4
 

0
·4

1 

5
·5

6
 

3
·6

8
 

2
·8

8
 

1
·4

3
 

n.
u.

 

5
·2

5
 

2
·2

7
 

6
·1

6
 

0
·1

5
 

0
·4

6
 

5
·1

8
 

2
·5

5
 

n
.u

 . 

~
 

Q
 

i':
j >
 

"::
 



C.
:>

 
/'

.:
) 

0
0

 

T
A

B
L

E
 
7 .

-
S.

 3
48

70
. 

B
lu

et
on

gu
e.

 

D
at

e 
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.

..
..

..
 

19
/7

/3
2.

 
25

/7
/3

2.
 

27
/7

/3
2.

 
30

/7
/3

2.
 

3/
8/

32
. 

6/
8/

32
. 

10
/8

/3
2.

 
'l'

im
e 

..
..

..
.

..
..

..
..

..
..

.
..

.
..

..
..

..
..

..
 · 

..
. 

· ·
 · 

-
-

-
-

-
-

-

T
em

pe
ra

tu
re

 R
ea

ct
io

n 
..

 , 
..

..
.

..
..

..
.
..

..
..

.
..

..
. 

N
 

P
.I

.N
. 

P
.I

.N
. 

R
 

R
 

N
 

N
 

H
ae

m
og

lo
bi

n 
gm

. 
%

 ..
..

..
..

..
..

..
..

..
..

..
..

..
..

 
11

·3
9 

13
·3

1 
13

·1
2 

12
·7

9 
13

·3
1 

11
·3

9 
11

·1
4 

Su
gm

· 
m

gm
. 

%
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
 

L 
51

·2
8 

55
·5

5 
59

·1
7 

62
·5

0 
55

·5
5 

fi
7.

 8
0 

40
·0

0 
u 

42
·9

2 
41

·1
5 

47
·6

2 
53

·7
6 

44
·8

4 
46

·5
1 

-

T
ot

al
 N

 
g

m
. 

%
 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
 

2·
43

7 
2·

73
8 

2·
69

6 
2·

51
4 

2·
40

2 
2·

43
5 

2·
39

4 
- N

.P
.N

. 
m

gm
. 

%
 ..

..
..

..
..

..
..

..
..

..
..

..
..

 
L 

18
·1

8 
16

·6
6 

14
·8

5 
23

·0
8 

18
·7

5 
1 7

·1
4

 
18

·7
5 

u 
12

·1
4 

10
·9

8 
11

·0
3 

15
·9

8 
13

·6
3 

18
·3

5 
-

O
oa

g.
 

N
. 

gm
. 

N
 
%

 ..
..

..
..

..
..

..
..

..
..

..
..

 
L 

2·
4H

l 
2·

72
1 

2·
68

1 
2·

49
1 

2·
38

3 
2·

41
8 

2
·3

75
 

u 
2·

42
5 

2·
72

7 
2·

68
.5

 
2·

49
8 

2
·3

88
 

2·
42

5 
-

U
n

.a
 

m
gm

. 
N

 
%

 ..
..

..
..

..
. 

L 
5

·2
5 

4
·8

8
 

4
·4

8
 

10
·4

3 
6

·5
5 

4
· 2

6 
6

·0
0

 
, 

u 
%

 ..
..

..
..

..
. 

10
·9

3 
10

·2
9 

9
·4

5 
21

·8
4 

13
·8

6 
9·

03
 

12
·6

0 
m

gm
. 

N
 
%

 ..
..

..
..

..
. 

u 
5·

35
 

3·
69

 
4

·4
0

 
10

·1
7 

6
·2

7 
4

·0
0

 
-

, 
u 

%
 ..

..
..

..
..

. 
11

· 3
4 

7
·7

7 
9

·2
4

 
21

·4
2 

13
·2

3 
8

·4
0 

-

T
.O

. 
m

gm
. 

N
 
%

··
··

··
· .

..
. 

L 
2·

23
 

2·
50

 
2·

23
 

2
·2

7 
1·

82
 

1
·7

5
 

1
·8

7 

" 
T

C
 %

 ..
..

..
..

..
 

6·
00

 
6

·7
4 

6
·0

0 
6·

16
 

4·
90

 
4

·7
0

 
5

·1
4 

m
gm

. 
N

 
%

··
··

··
··

··
· 

u 
2·

01
 

1
·7

5 
1·

71
 

2
·0

4 
1·

49
 

1·
49

 
-

" 
T

C
 %

 ..
..

..
..

..
 

5
·4

0
 

4
·7

0
 

4
·6

0 
5

·5
0

 
4·

00
 

4
·0

0
 

-
-

[h
ie

 a
.c

id
 

m
gm

. 
N

 
%

··
··

· .
..

..
. 

L 
0

·2
2

 
0·

26
 

0·
21

 
0

·2
0 

0·
27

 
0·

27
 

0
·1

7 
, 

U
A

 %
 ..

..
..

..
..

 
0·

67
 

0·
78

 
0

·6
4 

0·
61

 
0·

80
 

0·
82

 
0·

50
 

m
gm

. 
N

 
%

··
··

· .
..

..
. 

u 
0

·1
2

 
0·

19
 

0
·1

1 
0

·0
8 

0·
16

 
0·

13
 

-
, 

lr
A

 ~
{-,

 .
..

..
..

..
. 

0·
36

 
0·

50
 

0·
33

 
0

·2
4

 
0·

47
 

0
·4

0
 

-

A
m

in
o 

ac
id

 m
gm

: 
N

 
%

 ..
..

..
..

..
..

..
..

..
..

 
L 

5·
38

 
5

·1
8 

6·
38

 
5·

38
 

5·
60

 
5

·8
3 

5
·5

1 
u 

3·
04

 
3·

33
 

3
·5

0
 

2
·9

2 
4·

06
 

3
·5

9 
-

-
R

.N
. 

m
gm

. 
N

 %
 ..

..
..

..
..

..
..

..
..

..
..

..
..

 
L 

5
·1

0 
3

·8
4 

I 

2·
75

 
4

·8
0

 
4·

51
 

5·
03

 
5

·2
0 

u 
1

·6
2 

2
·0

4 
1·

31
 

0·
77

 
1·

45
 

1
·1

4
 

-

P
la

8m
a 

..
..

..
..

..
..

.
..

..
..

..
..

.
..

.
..

..
..

.
..

..
.

. 
n

.u
. 

n
.u

. 
n.

u
. 

n
.u

. 
n.

u.
 

n.
u.

 
n

.u
. 

I 
-
-
-
-
-
-
-

M
a.

in
 F

ea
tu

1·
e8

 o
f 

A
na

ly
tic

al
 D

at
a

. 
S

u
g

a
r.

-S
!i

g
h

t 
te

n
de

n
cy

 
to

 r
is

e.
 

N
.P

.N
. 

an
d 

U
.N

.
-

B
o

th
 s

ho
w

 a
 d

is
ti

nc
t 

in
cr

ea
se

, 
e.

g.
, 

N
.P

.N
. 

fr
om

 
16

-2
3 

an
d

 f
ro

m
 l

l-
1

6
 m

gm
. 

N
 %

, 
an

d
 U

.N
. 

fr
om

 4
-1

0
·4

 m
gm

. 
N

 
%

, 
w

it
h 

a 
ra

p
id

 r
et

ur
n

 t
o 

n
or

m
al

 a
ft

er
 t

h
e 

te
m

pe
ra

tu
re

 r
ea

ct
io

n 
h

as
 e

nd
ed

. 
Jl

b
. 1 

T
.O

.N
.,

 
U

.N
.N

., 
A

.A
.N

.,
 R

.N
., 

an
d 
T

.N
.-
N
o
t
h
in
~ 

u
n

us
qa

l.
 

Q
 ~
 

t;
l ~
 

H
 0 ~ 1:::
1 t-<
 

0 0 t:J
 

[f
J H
 

q t:J
 

>-<
 

t,:
j 

[f
J 

H
 

H
 

H
 



108 

107 

10!> 

105 

104 J 
103 ll 1\ 

f' I ' 101 

10 1 

"' 1110 
<> v 
.2., 

<)<) " 
t)~ 

l h 17 IS I'J 10 1 1 1 2 

CASE VIII. 
S. 34900. 

Temperature Chart VIII. 

1-i. { 
n 1\ 

J \ J ' I 1 ~ 

1 ~ 

n 1-t 15 16 l7 21:1 21) ~0 .I I I 

ll 

l 

II. GRAF. 

lJ v ~ l! ~ lo 
rcr ~ .... 

.I -t 5 h 7 s <) I (I 

1'1.\l Jul y Augu st 

History.- A four-tooth hamel, 3 ins. wool, good condition. Was pln,ced 
on temperature 18/5/32 and injected subcutaneously on 20/7/32 with 2 c.c. 
blood. After an inmi.bation period of four days a temperature reaction set in, 
but apart from this and a slight dullness, the animal shower! no other symptoms. 
Discharged 27/8/32. 
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reaching 108° in 72 hours, but, except for a slight dullness and loss of appetite , 
no other symptoms were noted. Discharged 27/8/32. 
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CHEMICAL llLOOD STUDIES. III. 

SuMMARY OF A::-<ALYTICAL DATA FROM THE PATHOLOGICAL AsPECT. 

In the nine cases of bluetongue examined, Case I represented the severest 
reaction, the other eight less severe, and Case IV the least, although the strain 
used must be considerecl as virulent. It was obtained from Natal from an 
outbreak of bluetongue in which mortalities were reported and was responsible 
for several deaths when subinoculated into sheep here at Onderstepoort. The 
conditions under which the experimental animals were kept, i.e., regular feeding, 
watering and shelter, are probably responsible for the absence of more severe 
reactions and mortalities. The severe temperature reactions noted indicate 
m some measure the virulency of the strain. 

If the analytical data are reviewed as a whole, the following emerges :-

Haemoglobin. 

In only two cases (I and II) can any definite change be established, e.g., 
in Case I the Hb. drops from 15·7- 8·5 gm. per cent., with a relatively slow 
recovery, and in Case II from 15·5- 12·9 gm. per cent., the decrease in both 
cases coinciding with the hyperthermic reaction. It should be noted that 
these two cases represent the more severe reactions. In the other seven cases 
no distinct changes in either direction are noticeable. 

SugaT. 

An increase is noted in all except two cases (II and IV), viz., Case I from 
45-117·6 mgm. per cent.; Case III, 45-71 mgm. per cent.; Case V, 45-60 
mgm. per cent. ; Case VI up to 75 mgm. per cent., etc., in " laked " and 
correspondingly in " unlaked " filtrates. The increase may be very striking, 
as in Case I, or merely an increase to just over the upper limits of normal, 
depending on the severity of the reaction. 

Non-P?"Otein N it1·ogen. 

Shows an increase in all cases except Case IV, varying from ± 18--66 mgm. 
N per cent. in Case I, from 15-26 mgm. N per cent. in Case II, from 17- 23 
mgm. N per cent. in Case V, from 16--23 mgm. N per cent. in Case VII, and 
from 14- 21 mgm. N per cent. in Case IX, with smaller increases in the other 
cases. The concentration in the " unlaked " filt rates rises correspondingly. 

U1·ea NitTogen. 

Shows increase in all cases except Case IV, e.g., Case I from 5- 49 mgm. 
N per cent., Case II 3·5- 13 mgm. N per cent., Case V 4·5-11 mgm. N per cent., 
Case VII 4- 10 · 4 mgm. N per cent., and Case IX from 3-10 · 5 mgm. N per cent. 
'£he increase in U.N. is solely responsible for the rise in the N.P.N. fraction 
recorde:l above. 

.Total C1·eatinine Nd1·ogen. 

Except for a slight rise recorded in the severe reaction m Case I , no 
variations outside t he normal range are noticeable . 

.Total Nitrogen. 

This ram'l.ins unchange:l except in Cases I and II, i.e., cases associated 
with a decrease in the Hb. level of the blood. 

Am1;no-Acid Nit·rogen, U1·ic Acid NitTogen and Rest Nit1·ogen. 
No appreciable alterations occur. 
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CoNCLURION. 

In bluetongue of sheep there is generally an increase in the sugar, N.P.N. 
and U.N. fraction of the blood. In severe cases a decrease in Hb. and a corres
ponding decrease in T.N. is recorded. The degree of the variations correspond 
approximately to the severity of the reaction. 

111.- GENERAL SUMMARY. 

(1) The total nitrogen and haemoglobin of whole blood, and the sugar, 
urea, amino-acid, " total " creatinine, uric acid and non-protein nitrogen of 
" laked" and " unlaked" blood filtrates of sheep have been determined. 

(2) Determinations were made during the pre-infection period (" normal"), 
the incubation period, the actual hyperthermic reaction stage, and in recovery 
cases during the convalescent stage, until the level of the blood constituents 
had returned to normal. 

(3) "Normal " data in respect of the above constituents for both "laked'' 
and "unlaked" filtrates have been separately detailed. 

( 4) As far as differences in the two types of filtrates are concerned, the 
concentrations in" laked "filtrates are in all cases higher than in the" unlaked," 
the difference being least in the case of urea. 

(5) Temperature charts to show t he nature and type of the reaction, as 
well as the periods at which blood was withdrawn, have been incorporated. 

(6) Well marked changes are recorded in Heartwater and Bluetongue, 
the degree of the change corresponding approximately to the severity of 
individual reactions. 
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